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Abstract— Bottom seated subsea pipelines resting on an 
erodible bed are subjected to scour and transport processes. 
These processes potentially undermine pipeline integrity by 
increasing free-span lengths and resulting in bending stresses. 
Making predictions of scour is fraught with challenges including: 
(1) determining when pipeline burial or lowering will occur; (2) 
unexpected obstacles to scour propagation (e.g. rocks); and, (3) 
varying incidence angles of fluid flow. Due to these challenges, 
pipeline surveys remain a key part of ongoing asset management. 
Field observations of phenomena such as self-burial and the 
impact of flow incidence angles and localized water velocities also 
help us characterize the subsea pipeline environment. The 
validation of empirical formulas through comparison to field 
data is essential for high-risk regions. For this investigation scour 
beneath a relatively deep and relatively shallow section of the 
Tasmanian Gas Pipeline in south-eastern Australia was 
examined. Our data were collected by an Autonomous 
Underwater Vehicle (AUV), a Remotely Operated Vehicle (ROV) 
and Acoustic Doppler Current Profiler (ADCP). tour findings 
suggest to refine empirical formulas to better explain the coupled 
effects of waves and currents. An improvement on these formulas 
may reduce the frequency of monitoring surveys required. AUV 
and ROV surveys are powerful resources to better inform 
decision making of these assets and better understand scour at 
individual sites. 
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I. INTRODUCTION  
Scour is the physical process of removal of the seabed 
material around and beneath subsea objects as a result of wave 
and/or current action [1]. Pipelines resting on an erodible 
seabed are affected by scour which can result in unsupported 
lengths of pipeline called free-spans or spans. Long spans are 
susceptible to vortex induced vibrations and local buckling, 
both of which can compromise pipeline integrity, and, if not 
addressed, can result in eventual failure of the pipeline[2] . 
Industry standards (e.g. [3, 4]) dictate that subsea pipelines 
are to be designed for fatigue damage due to vortex-induced 
vibration and/or wave action. Free-spanning due to scour  
seems to be inevitable, especially in near-shore areas beyond 
the shore-crossing trench required either by pipeline on-
bottom stability or government regulation, such as Code of 
Federal Regulation 49 in the US [5]. A means of predicting 
the occurrence of scour based on the Shields parameter [6] 
was provided by [3], but lacked a method of combining 
current and wave and predicting scour propagation along the 
length of a pipeline. For adequate asset management planning 
to allow for maintenance to be proactive, rather than reactive, 
prediction of scour propagation along pipelines (or span 
lengthening) is essential. 
It is important to consider the flow conditions around the 
pipeline, since it is this flow that directly results in scour. 
Fluid flow around the pipeline can either be relatively steady, 
as is the case for deep-water pipelines subject to currents (tidal 
or bottom currents); or oscillating, such as the near shore 
crossing of a pipeline which can be simultaneously affected by 
both wave and current actions. The incidence angle of flow to 
the pipeline also affects the direction and rate of scour 
propagation [7, 8]. 
A significant amount of experimental research has been 
undertaken to produce empirical formulas to predict scour for 
pipelines exposed to current alone [7-10] and this has been 
validated by field observations of subsea pipelines [11]. The 
field investigations found that scour was being over predicted, 
and noted that this was most likely the result of using 
Tasmanian Gas Pipeline Pty. Ltd. 
Table 1 Coefficients for  (3) to calculate scour rate  
m F a b 
0 < m ≤ 0.4 5/3 (KC)a exp(2.3b) 0.557 – 0.912 (m – 0.25)2 -1.14 + 2.24 (m – 0.25)2 
0.4 < m ≤ 0.7 5/3 (KC)a exp(2.3b) -2.14m+1.46 3.3m – 2.5 
0.7 < m ≤ 1.0 1 not specified not specified 
 
idealized clean uniform sand in experimental testing from 
which the empirical formulas for scour rate were derived [11]. 
Research has been conducted to produce  empirical equations 
to explain the propagation of scour beneath pipelines 
subjected to coupled waves and currents by [12] using the 
same method as [10] and building on [9]; however, this has 
not yet been validated with field data.  
Numerical modelling is an emerging tool for the 
verification of empirical formulas to predict scour 
propagation, but full-scale studies are scarce due to the 
immense computational resources required. Although it can be 
a useful tool in pipeline design, current challenges lie in 
resolving and coupling turbulence and sediment grain motion. 
One such ongoing numerical research working towards 
scalable equations for predicting scour onset is [13]. 
Typically in industry, pipelines are investigated using 
divers or ROVs [11]. AUVs are a new tool being used for the 
survey of pipelines to determine span lengths in a more cost 
effective way [14]. Using robotic and remote sensing 
techniques to examine an existing subsea pipeline, this 
investigation aims to provide better understanding of the scour 
process driven by coupled waves and current. It also sets out 
to confirm the necessity of different equations for sour 
prediction beneath pipelines in environments with different 
energy levels, and the suitability of the aforementioned 
empirical equations to predict scour.  
II. THEORY 
The critical flow velocity, Ucr, is the undisturbed flow 
velocity measured level with the top of the pipeline which 
corresponds to the onset of scour below the pipeline, and can 
be found using either (1) from [3] or (2) from [9]. Equation (1) 
accounts for wave action in the parameter fw, but does not 
consider the coupled effects of waves and currents. Equation 
(2), while commonly used, also does not account for wave 
action.  It identified that, in the presence of waves and currents, 
Ucr is also dependent on the Keulegan Carpenter number, KC, 
(KC = UT/D, where U is the velocity, T is the spectrally 
derived zero up crossing period, and D is the pipe diameter [3]) 
although this is never incorporated into an empirical equation 
[2]. Any variation in the pipe’s height relative to the seabed is 
not accounted for in [3] and is only accounted for in [9] as the 
initial embedment depth. To accurately predict the lengthening 
of existing spans beneath existing pipelines the existing height 
of the pipeline above the seabed, S, must be considered. 
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For (1), g is the gravitational constant 9.81 m/s
2
, s is the 
specific gravity of substrate and d50 is the mean grain size of 
substrate,  fw = 0.005 is the friction factor for current only, and 
for waves only fw = 0.04Aw/(2.5d50) where Aw is the spectrally 
derived orbital semi-diameter of water particles. In (2), n is the 
porosity of the substrate and all other variables are defined in 
a similar way to (1).  
The rate of scour propagation along a pipeline due to 
waves and current can be explained by (3), which was 
empirically derived by [12], as a development of [2]. Equation 
(3) was derived with the assumption that scour propagation 
along the pipeline is mainly caused by tunnel scouring through 
the narrow gap formed between the seabed and the pipeline 
made in [10]. Again, this does not take into account the depth 
of scour below the pipeline mid-span, only the initial 
embedment depth at the span shoulder. 
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Where Ks is a constant introduced to account for scour 
from other mechanisms, α is the angle of attack of flow, ϕ is 
the angle of repose; θ is Shields parameter given by θ = U2 / [g 
(s - 1) d50]; the subscripts w and c denote waves and current 
respectively; and the coefficients F, a and b, all depend upon 
m = Uc / (Uc + Uw) (where the subscripts denote the source of 
fluid velocity as either currents, c, or waves, w) as per Table 1.   
III. METHOD 
The subject of this investigation was the Tasmanian Gas 
Pipeline (TGP) which is a bottom seated pipeline that 
transports gas from mainland Australia to Tasmania across the 
Bass Strait. With a maximum depth of approximately 83 m 
Bass Strait is fairly shallow and has regions where the pipeline 
is exposed to relatively high and low energy fluid action close 
to the two shorelines. The pipeline has been surveyed with an 
Autonomous Underwater Vehicle (AUV) and a Remotely 
Operated Vehicle (ROV) as part of this study and previous 
studies [14, 15] and relevant metocean data and sediment 
samples were collected. 
The nearshore crossing of the TGP has been surveyed with 
a Gavia class AUV equipped with a GeoSwath+ 
interferometric sonar module as described by [14]. The same 
survey of the nearshore crossing was undertaken in 2014 and  
Table 2: ADCP profile settings and profile timing for deployment 
Range 25.00 m Ping Interval 5.00 s 
Cell Size 0.50 m Blanking Distance 1.00 m 
Resolution 0.001 Accuracy ±0.003 m/s 
Number of Pings 30 Vertical Beam Pings 30 
 
 
Figure 1: Field data collection points for the near shore crossing imposed over Navionics bathymetric chart (water depth are given by contours, the 
depth is displayed on the contour), showing 2015 AUV track along East and West side of pipeline, ROV mission locations, locations where useable 
sediment samples were collected and the location of the ADCP. KP is the distance in kilometres along the pipeline from mainland Australia.  
 
Figure 2 Tasmanian Gas Pipeline context map showing the subsea 
pipeline extending from Southern Victoria to Northern Tasmania, 
Australia. The survey sites are shown in red boxes.  
 
 
2015. In 2015, the AUV was also used to survey a section of 
pipeline near Deal Island, in a comparatively lower energy 
environment. From the survey of the pipeline using the AUV 
sections of interest at the near shore crossing (shown in green 
in Fig. 2) were identified for further visual investigations with 
the SeaBotix LBV300 inspection class ROV. 
Metocean data and sediment properties were also required 
to verify the empirical formulas detailed in (1) – (3). 
Metocean data was collected by a Sentinel V Acoustic Doppler 
Current Profiler (ADCP) with the set up outlined in Table 2, 
and from the nearby Low Head weather station. The ADCP 
was deployed in approximately 25 m deep water on the 
eastern side of the pipeline at 41° 00.462’S 146° 53.778’E and 
recorded data from 25/5/2015 4:53:38 to 02/06/2015 22:28:38 
(UTC). Sediment samples were taken from around the 
pipeline at the locations indicated with a red X in Fig. 2, using 
 Figure 3: Spanning comparison from acoustic backscatter collected by Gavia class AUV in (a) 2014 and (b) 2015. Typical features detected in the 
acoustic backscatter include: the shadow pulling away from the pipe where spanning occurs; distinctive span touchdown indicating the pipeline is 
resting on a rock; semi burial of pipe (only in 2015); and, the distinctive pattern of sand waves from which current direction can be determined (note: 
aspect ratio has been locked 1:1) 
a Large Ekman Bottom Grab sediment sampler.  
IV. RESULTS AND DISCUSSION 
A. AUV Survey 
An example of acoustic backscatter collected by the AUV 
is shown in Fig. 3. Data was processed and analysed using 
Caris software. The false color survey product shows the hard 
acoustic return of the pipeline as red, softer acoustic return of 
sand as yellow and acoustic shadow (no acoustic return) as 
blue. As described by [14] the separation of the shadow from 
the pipeline is representative of scour. Caris allows for the 
measurement of these spans along the pipeline and for the 
estimation of the height of the pipeline above the seabed using 
the length of the shadow. 
The prevailing current direction can be estimated using the 
sand waves evident in the AUV survey product (for example 
Fig. 3). Prevailing current direction is perpendicular to sand 
 
Figure 4: Comparison of relative seabed level below the pipe or S as measured from sidescan product between 2014 and 2015. Error bars represent 
the measuring tool uncertainty (note: KP 0 is the northern most KP, i.e. north is on left of each plot) 
 
Table 3: Comparison of scour beneath pipeline in high and low energy environment 
 Deal Island 2015 (relatively low energy 
environment) 
Five Mile Bluff/Near Shore Crossing 2015 (relatively 
high energy environment) 
Mean span length (m) 12.35 14.23 
Median span length (m) 9.83 12.69 
Pipeline not in contact with seabed 18% 44% 
 
 
a.     b.  
c.    d.   
Figure 3: Still images from ROV Survey footage (GoPro):  a) Still from ROV footage with moving marine growth and visible entrained sediment 
particles. b) Example of rocks being exposed by scour and pipe coming to rest on them. c) Transition between semi-buried pipeline and shallow scour 
in sandy area. d) Example of a long, wide span across 
waves [7], in this case approximately 30° to the pipeline. Span 
lengthening is predominantly expected for small incidence 
angles such as this [16]. Comparing survey product shown in 
Figure  from 2014 and 2015 show that prevailing current 
direction remains the same while semi burial of the pipeline 
occurs between the surveys, appearing in the 2015 data. 
AUV acoustic backscatter analyzed for both 2014 and 
2015, shows evidence of scour during that period. Figure  
gives a comparison of the height of the pipeline above the 
seabed measured from sidescan imagery collected in both 
years along selected lengths of the pipeline which correspond 
to areas that were further investigated using an ROV in 2015. 
A data point was taken approximately every 10 m along the 
pipeline. Errors in measurements are a result of sidescan 
resolution and are ± 10 mm (shown as vertical error bars in 
the plot). In some studied areas, it can be seen that scour has 
reached an equilibrium depth, while in other areas accretion is 
evident, which is also expected from such a variable 
environment. Continuing scour propagation along the pipe can 
be identified in the erosion of span shoulders in Figure . The 
apparent lengthening of spans at different rates in opposing 
directions reflects the findings of [10]. This scour may be 
attributed to periods of high winds and corresponding high 
currents that exceed the critical velocity threshold during the 
12 month period examined. 
The relatively deep-water section of the pipeline surveyed 
near Deal Island was less affected by scour than the shallow 
water section investigated at the pipeline’s near shore crossing 
near the Tasmanian shoreline, as shown in the comparison in 
Table 3. Any critical spans that were identified underwent 
rectification work at the end of 2015. The difference in 
spanning length is a consequence of different water depths. If 
water depth is sufficient, negligible interaction with waves 
will occur at the seabed and without the influence of waves, 
significantly less scour will be likely to occur. This highlights 
the need for wave interaction to be considered when 
predicting scour propagation in near shore crossings. 
B. ROV Survey 
From ROV footage, three distinct bottom types can be 
identified: a mixture of smaller pebbles, shells and coral 
(Figure 5a); a thin veneer of sand over large rocks (Figure 5b); 
and mostly uniform sand (Figure 5c and Figure 5d). In some 
locations on the sandy bed and the bed consisting of mixture 
of smaller pebbles, shells and coral the pipe is semi-buried 
with up to e ≈ 3/5D. In these semi-burial situations, unless 
obstructed by a rock, the pipeline appears to have sunk into 
the span’s shoulder (for example Figure 5c) as observed 
experimentally by [9] and in field investigations undertaken 
by [11]. The presence of rocks beneath the pipeline can also 
account for the variation of scour rates. 
The use of both an AUV and a ROV was essential in 
obtaining useful information crucial to asset maintenance. The 
AUV was able to collect a relatively large amount of 
information in a short amount of time, collecting 
approximately 10 km of data in one 12 hour period. The ROV 
was only able to capture footage of approximately 1 km of 
pipeline in a similar amount of time. The survey data collected 
by the AUV provides a good indication of span length and 
allows spans close to critical length to be identified and 
marked for further investigation or remedial works. As can be 
seen in Fig. 3 some touchdown points – which interrupt spans 
– can be fairly ambiguous. Furthermore, if the AUV survey 
product alone was to be relied upon when planning, asset 
maintenance would, in some cases, conservatively be assumed 
to not be a touchdown. Following up an AUV survey with a 
ROV survey in critical areas allowed these ambiguous 
touchdowns to be verified. In some cases the ROV found that 
the pipeline was resting on a rock which acts as a natural grout 
bag and removes the need for remedial works in that area. The 
use of both survey methods meant that survey time was 
reduced and unnecessary maintenance avoided. It is important 
to note that ROV confirmation of touchdown points would not 
be required for every survey, providing good records of these 
possible touchdown points are maintained ROV examination 
of the pipeline would only be advantageous if significant 
changes in span lengths have occurred and maintenance is 
planned. 
C. Metocean Conditions 
Metocean conditions provide an understanding of the 
pipeline’s environment which drives the scour process. Waves 
(a product of wind) and currents drive the scour process in 
shallow waters. The collection of metocean data from the 
ADCP and local weather station also allowed for the 
aforementioned empirical formula to be assessed. 
All four beams of the ADCP recorded high correlation 
scores over the duration of the deployment, indicating high 
quality data. Higher velocities, and larger fluctuations towards 
the surface indicates the water column is affected by wave 
action and hence averaging the entire water column for 
incidence velocity, U0, creates bias. To prevent U0 at the bed 
being heavily skewed by wave orbital velocities, data 
collected in 2 m of the water column directly above the 
seafloor will be used as a surrogate for U0.   
During the deployment, a storm front passed over the area 
as evidenced by a spike in current velocity measured by the 
ADCP bin averaged per hour (Fig. 6), and wind speeds 
collected by the Australian Bureau of Meteorology (BOM) at 
Low Head (see insert in Fig. 1 above), also plotted in Fig. 2?6. 
The effects of the storm were observed throughout the entire 
water column. recorded by the ADCP, plotted in Fig. 6, which 
shows significant fluctuations from the temporally averaged 
data Significant fluctuations from the averaged data as shown 
for the bottom three bins can be attributed to wave action   
The 12 month wind record from Low Head was obtained 
from BOM and the wind rose in Fig. 5b was created, it shows 
distribution of the wind speed and direction (blowing from) 
across the 12 month period. The wind rose can be compared to 
the water velocities collected during the deployment (plotted 
in Fig. 6), from which it is evident that a typical storm 
occurred during the deployment period. As shown in the 
current rose in Fig. 5b (showing the direction that current is 
moving towards) this typical storm-wind forces currents at a 
small angle to the pipeline, for which the most extreme span 
lengthening scour is expected to occur [16]. Therefore, for the 
TGP span lengthening will occur during storms.  
The wind record can be used in a wave spectrum to 
compare the realtive energies at the two survey sites. The 
TMA spectrum  was used since Bass Strait is fetch and depth 
limited. Since the TGP nearshore crossing is in shallow water, 
the depth limited TMA spectrum was used with a fetch of 250 
km, the wind speeds plotted in Fig. 6, and the approximate 
depth of the ADCP, 25 m. The fetch chosen is the most direct 
distance from Five Mile Bluff to mainland Victoria.  The 
spectrum allows wave orbital velocities and energy densities, 
E, to be calculated. Maximum and average values during the 
survey period for both sites are given in Table 4. It is evident 
that the nearshore crossing of the pipeline experiences much 
more wave action than the relative deep water section at Deal 
Island.  
D. Sediment Samples 
The properties of the sediment surrounding the pipeline 
were determined from samples collected during the survey 
voyages. Of the samples collected, only 5 of 10 returned a 
usable quantity of sand for further analysis; the others returned 
rocks, seaweed or only a very small amount of sand. The 
variation of the substrate can be seen in ROV footage and 
variations in acoustic backscatter generated from the AUV 
survey [14]. The mean sediment properties for the five useable 
samples are shown in Table 5 and are used in calculations of 
the Shields parameter and theoretical predictions, under the 
assumption that the substrate that will be scoured is uniform 
across the area investigated. 
 Figure 4: Top: Wind velocity during deployment. Middle: bin averaged ADCP data with empirical values for critical velocity and estimated values 
for U1 from experimental results. Bottom: Predicted astronomical tidal fluctuations in water level at nearby Low Head. Local time (UTC +10) is used 
 
.                       
 Figure 5: a) Current rose for ADCP deployment period showing the direction current is moving towards. b) Wind rose for 12 month period 
September 2014 to August 2015 showing the direction wind is blowing from 
 
          
Table 4: TMA spectrum inputs and results 
Location Value Depth (m) Fetch (km) 
Wind Velocity 
(m) 
Uw (m/s) KC E (J/m
2) 
Five Mile Bluff 
Maximum 25 250 16.39 1.77 138.58 1.58E+04 
Average 25 250 8.26 0.89 55.99 3.94E+03 
Deal Island 
Maximum 70 100 16.39 1.13 72.12 6.46E+03 
Average 70 100 8.26 0.5 24.45 1.25E+03 
 
 
Table 5: Mean erodible substrate properties (n=5) 
Property Mean Value Standard Deviation  
Mean grain size, d50 0.257 mm ± 0.106 mm 
Specific gravity, s 1.70 ± 0.06 
Porosity, n 48 % ± 4% 
 
E. Evaluation of Empirical Scour Prediction Methods   
Empirical values for Ucr were calculated as per (1) and (2). 
For DNV’s waves only method Aw is required, this is a 
spectrally derived value. Values of U0 and empirically 
calculated Ucr can be compared in Fig. 6. The empirical values 
considering wave action give a much lower Ucr than the value 
based solely on current’s interaction with the seabed. The 
prediction based on wave action from [3] provides a more 
conservative value for Ucr than [9]. With low winds (< 10 
m/s), U0 was below all empirically predicted values of Ucr. For 
the entirety of the deployment period both the fluid velocity at 
the seabed, and the average water column velocity, are below 
the critical velocity calculated using the current dependent 
method provided in [3].  When there is a lack of wind, but 
wave action is still affecting the water column velocity the 
spectrally derived Aw cannot be calculated from the TMA 
spectrum, hence the dynamic value of Ucr for waves calculated 
by [3] cannot be used. Differing to the current based value of 
Ucr in [3] would clearly be inappropriate, and another solution 
must be found. Since the survey location is in shallow waters 
that are effected by waves the accuracy of [3], current only 
prediction can be discounted and therefore should not be used 
in such situations. 
Our field observations can be applied to evaluate the 
theoretical estimates of scour propagation rate along a pipeline 
on a sandy bed given by (3). From ROV footage (e.g. Fig. 5c 
above) it can be estimated that e = 0.2 m; and by comparing 
the current rose in Fig. 7 above with ROV and AUV 
observations, it can be approximated that α = 30o. Both KC 
and Uw can be obtained from the TMA spectrum as per Table . 
It is assumed U0 = Uw +Uc and ϕ = 30
O
. Using these values in 
(3) with value of Ks provided in [12], yields  maximum 
propagation rates of  271.45m/s and 41.43m/s respectively for 
high and low energy environments, and mean values of 
18.50m/s and 1.63m/s for average conditions experienced 
during the investigation at the relative high and low energy 
sites respectively. The propagation rates determined indicate 
that spans beneath the TGP would change significantly over 
the course of a typical storm, and even more during a year. 
Changes of the magnitude suggested are not apparent in a 
comparison of the 2014 and 2015 AUV surveys (e.g. Fig. 3). 
It is important to note that KC numbers experienced by the 
TGP are larger than those used in empirical testing to 
determine (3) [12]. Another possible arise from  the 
coefficient Ks which was calibrated from the experimental 
data collected by [12]. Alternatively, scour propagation may 
not be driven by tunnel scour as assumed by (3)  [12]. 
Additionally, differences in sediment properties and bottom 
conditions used may contribute to the discrepancy between the 
predicted scour propagation rate and the actual propagation 
rate. The scour rate estimated by (3) is not representative of 
scour beneath the TGP. 
Information collected through field observations can be 
applied to evaluate the method provided for predicting the 
scour propagation rate along a pipeline on a sandy bed given 
by (3) above. From ROV footage (e.g. Fig. 5c above) it can be 
estimated that e = 0.2 m; and by comparing the current rose in 
Fig. 7 above with ROV and AUV observations, it can be 
approximated that α = 30o. Both KC and Uw can be obtained 
from the TMA spectrum as per Table 4. It is assumed U0 = Uw 
+Uc  where Uw can be found as per [3]; and ϕ = 30
O
. Using 
these values in (3) with value of Ks provided in [12], yields a 
scour propagation rate maximums of 271.45 m/s and 41.43 
m/s at the relative high and low energy sites respectively, and 
average propagation rates of 18.50 m/s and 1.63m/s for the 
relatively high and low sites respectively. The propagation 
rates determined using (3) indicate that spans beneath the TGP 
would change significantly over the course of a typical storm, 
and even more during a year. Changes of the magnitude 
suggested are not apparent in a comparison of the 2014 and 
2015 AUV surveys (e.g. Fig. 3). It is important to note that 
KC numbers experienced by the TGP are larger than those 
used in empirical testing to determine (3) [12]. Another 
possible issue is the use of the coefficient Ks which was 
calibrated from the experimental data collected by [12]. 
Alternatively, scour propagation may not be driven by tunnel 
scour as assumed by (3)  [12]. Additionally, differences in 
sediment properties and bottom conditions used may 
contribute to the discrepancy between the predicted scour 
propagation rate and the actual propagation rate. The scour 
rate estimated by (3) is not representative of scour beneath the 
TGP.  
V. CONCLUSIONS  
Scour propagation beneath pipelines is affected by waves 
and currents. The impact of wave action is significant and is 
dependent on water depth since water depth affects wave 
orbital velocities and general energy levels at the seabed. 
Consequently wave action must be considered when 
predicting scour occurrence and propagation beneath subsea 
pipelines. 
AUV surveys provided useful data about span length and 
the height of the pipeline above the seabed. Ambiguities in the 
data can be dealt with by further investigations with an ROV. 
These investigations identified multiple natural touchdown 
points beneath the pipeline removing the need for span 
mitigation through the installation of grout bags. Unique 
bottom features are not accounted for in any present empirical 
scour predictions.  
A comparison of the pipeline in 2014 and 2015 from AUV 
data shows that scour propagates along the pipeline, through 
the erosion of span shoulders. This scour may be attributed to 
periods of high winds and corresponding high currents that 
exceed the critical velocity threshold during the 12 month 
period examined. Depending upon the bottom type, the 
pipeline may lower into the shoulders of the span and become 
partially buried. These observations are consistent with those 
from experimental research and investigations of a pipeline 
only affected by current action.  
Metocean data collected during this study shows that the 
pipeline experienced a typical storm for the area. During the 
storm fluid velocities at the seabed increased to velocities 
above the threshold for scour propagation. Periodic 
fluctuations attributed to tidal action however do not produce 
velocities for which scour is expected.  
Current empirical formulas for the prediction of scour 
onset and propagation rate beneath pipelines subjected to 
wave and current action have not been previously verified 
against field data.  It was found that the occurrence of scour 
can be appropriately predicted by empirical formula from [9] 
and [3]. Conversely, predictions of scour propagation rate 
using (3) did not reflect observed propagation rates. Possible 
reasons for this are the use of the constant Ks calibrated 
experimentally for situation with lower KC numbers; 
differences in sediment properties; and scour beneath the TGP 
not being driven by tunnel scour process (as assumed by [12]). 
This highlights the challenges from the wide variety of 
variables that are present in the scour process. Further research 
is required to produce equations or numerical models suitable 
for use with a wide range of tidal and current action.  
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